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Down-regulation of the MHC class I enhancer in tumorigenic Ad12 cells is associated with strong binding of COUP-TF and
negligible binding of activator NF-kB. By comparison, in nontumorigenic Ad5 cells, class I expression is high due to negligible
binding of COUP-TF and strong binding of NF-kB. Here, we show that COUP-TFII, but not COUP-TFI, is expressed in
Ad12-transformed cells. The dramatically stronger DNA binding of COUP-TFII to the class I enhancer in Ad12- compared to
Ad5-transformed cells correlates with higher COUP-TFII promoter activity and higher levels of COUP-TFII mRNA and protein.
Significantly, NF-kB p50/p52 double-knockout cells enabled us to demonstrate directly that COUP-TFII can completely
repress both nonactivated and NF-kB-activated MHC class I transcription. © 2001 Academic Press
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aIntroduction. Low surface levels of MHC class I anti-
gens on Ad12-transformed cells coincide with an ability
to evade immune recognition by CTLs and to generate
tumors in immunocompetent rodents. In contrast, in non-
tumorigenic adenovirus type 5 Ad5-transformed cells,
the surface expression of class I antigens is readily
detectable (20, 22). Reduced MHC class I expression in
tumorigenic Ad12-transformed cells is due to transcrip-
tional down-regulation of the class I enhancer (1, 2, 5, 6,
10, 24). In Ad12-transformed cells, there is high binding
activity of chicken ovalbumin upstream promoter–tran-
scription factor (COUP-TF) homodimers to the R2 ele-
ment and low binding activity of the activator NF-kB to
he R1 element of the class I enhancer. In contrast, in
d5-transformed cells, there is minimal COUP-TF binding
nd high NF-kB DNA binding to the class I enhancer (12,
14, 15). The mechanism underlying the inability of acti-
vator NF-kB to bind the class I enhancer in Ad12-trans-
ormed cells is due to hypophosphorylation of the p50
ubunit of the NF-kB heterodimer (p50/p65) (13). This
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13impaired DNA binding of NF-kB precludes this major
ctivator of MHC class I transcription from stimulating
he production of class I antigens. The basis for the
trong COUP-TF DNA binding activity to the class I en-
ancer in Ad12-transformed cells is unknown. It is un-
lear which of the COUP-TF family members (COUP-TFI
r II) accounts for this strong DNA binding activity and
hether it is a consequence of posttranslational modifi-
ation or increased protein levels of COUP-TF. We have
ecently shown that in Ad12-transformed cells, COUP-TF
omplexes with histone deacetylases (HDACs), suggest-
ng that it facilitates the formation of condensed and
epressed chromatin (21). However, a direct demonstra-
ion that COUP-TF represses class I transcription is lack-
ng. Here, we present evidence that the strong COUP-TF
inding activity to the MHC class I enhancer in Ad12-
ransformed cells is due to up-regulation of COUP-TFII
xpression. Importantly, we demonstrate that COUP-TFII
as the ability to completely repress both nonactivated
nd NF-kB-activated MHC class I transcription.
Results and discussion. The COUP-TFs are orphan
uclear hormone receptors and the family contains two
ighly conserved members, COUP-TFI and COUP-TFII,
hich share strong homology (23). Both COUP-TFs are
xpressed in different tissues, including neuronal, lung,
nd kidney (8, 16, 18). Studies on knockout mice suggesthat COUP-TFI is essential for neurogenesis (19), while
OUP-TFII is required for organogenesis, including an-
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14 RAPID COMMUNICATIONgiogenesis (17). In addition, there is evidence to suggest
hat the COUP-TFs may be involved in certain neoplasias
9).
In order to investigate the biological mechanism re-
ponsible for the differential COUP-TF binding activity to
he class I enhancer between Ad5- and Ad12-trans-
ormed cells (see Fig. 1), it was first critical to determine
hether one or both of the COUP-TF genes (COUP-TFI or
OUP-TFII) are expressed in adenovirus-transformed
ells. Since there are no antibodies that clearly distin-
uish between COUP-TFI and COUP-TFII, we analyzed
RNA from Ad12- and Ad5-transformed cells by RT-PCR,
sing primers specific for COUP-TFI and II. The RT-PCR
esults indicate that COUP-TFII, but not COUP-TFI, is
ranscribed constitutively in all of our adenovirus-trans-
ormed cells (data not shown). Northern blot analysis
as used to confirm the RT-PCR results and to quantita-
ively compare levels of COUP-TF mRNA in adenovirus-
ransformed cells. Northern blots were probed with ra-
iolabeled murine COUP-TFI and COUP-TFII cDNA frag-
ents, respectively. As shown in Figs. 2A and 2B, only
OUP-TFII mRNA was detected in Ad-transformed cells,
hich is consistent with the RT-PCR results. Importantly,
FIG. 1. There is higher COUP-TF binding activity to the R2 element of
the MHC class I enhancer in Ad12- compared to Ad5-transformed cells.
A 32P-labeled R2 oligonucleotide was incubated with nuclear extracts
rom Ad12- and Ad5-transformed cells, without (lanes 1 and 4) or with
reimmune (lanes 2 and 5) or with anti-COUP-TF antibody (lanes 3 and
). The position of the bandshifted nuclear protein–DNA complex is
ndicated by BS, antibody-dependent supershift by SS, and free probe
y F.teady-state levels of COUP-TFII mRNA were higher in
d12- compared to Ad5-transformed cells (Fig. 2B). Sim-ilar results were also obtained with other Ad5- and Ad12-
transformed cell lines and an alternative set of cDNA
probes for COUP-TFI and COUP-TFII (data not shown).
We next examined whether there is also a difference in
the levels of COUP-TFII protein between Ad5- and Ad12-
transformed cells. Nuclear extracts from Ad-transformed
cells were analyzed by Western blotting using polyclonal
anti-COUP-TF antiserum. As shown in Fig. 3A, COUP-TF
antibody detected two protein species, seen as a dou-
blet, in both Ad12- and Ad5-transformed cells. The levels
FIG. 2. There are higher levels of COUP-TFII mRNA in Ad12- com-
pared to Ad5-transformed cells. Total RNA from Ad12- (F10–12) and
Ad5- (KAd5) transformed cells was analyzed by Northern blotting and
hybridization with labeled cDNA fragments of the COUP-TFI (A) or
COUP-TFII (B) or actin (C) genes. Similar results were also observed in
independent experiments using an alternative set of cDNA probes for
COUP-TFI and COUP-TFII (data not shown). Positions of 28S and 18S
rRNAs are indicated.
FIG. 3. In Ad12-transformed cells there is more COUP-TF which is
capable of binding to the R2 element of MHC class I enhancer. (A)
Nuclear extracts from Ad5- (KAd5 and BrAd5) or Ad12- (12A1 and
F10–12) transformed cells were analyzed by Western blotting using
anti-COUP-TF polyclonal antiserum. (B) Nuclear extracts from Ad12-
transformed cells were subjected to DNA affinity chromatography
employing either wild-type or mutant R2 elements. Bound proteins
were eluted and analyzed by Western blotting with COUP-TF anti-
serum. Lane 4 is the “flowthrough” of unbound nuclear extract
from the wild-type R2 DNA column. The upper and lower arrows
denote the slower and faster migrating protein species recog-
nized by COUP-TF antiserum in nuclear extracts observed on lower
exposure.
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15RAPID COMMUNICATIONof the slower migrating protein species are significantly
higher in Ad12- compared to Ad5-transformed cells (Fig.
3A, compare lanes 3 and 4 with 1 and 2), which parallels
the difference in COUP-TFII mRNA levels observed
among these cells (Fig. 2B). On the other hand, there are
no major differences in the levels of the faster migrating
protein species (observed in shorter exposures of Fig.
3A). In order to evaluate which protein species of the
doublet can bind to the R2 element within the MHC class
I enhancer, we affinity-purified nuclear proteins on the
basis of their ability to bind the R2 oligonucleotide. To
perform the DNA affinity chromatography, polymers of
wild-type or mutant R2 DNA elements were generated by
self-priming PCR. dsDNA fragments from PCR were cou-
pled to Dynabeads M-280 streptavidin (Dynal AS) and
incubated with nuclear extracts from Ad12-transformed
cells. After extensive washes, DNA-bound proteins were
eluted and analyzed by Western blotting. As seen in Fig.
3B, the R2 DNA affinity-purified proteins probed with
anti-COUP-TF antiserum revealed that only the slower
migrating COUP-TF species is able to bind to the R2
element (compare lanes 1 and 4 with lane 2). It is noted
that faster migrating protein species could not be ob-
served in Fig. 3B, lane 2, even after very long exposures.
A DNA affinity column containing mutated R2 oligonucle-
otide failed to bind to any COUP-TF proteins (Fig. 3, lane
3). Taken together, these results indicate that Ad12- com-
pared to Ad5-transformed cells have higher levels of
COUP-TF protein capable of binding to the R2 element
within the MHC class I enhancer. Since little or no COUP-
TFI mRNA is present in any of the adenovirus-trans-
formed cells (Fig. 2), we conclude that higher levels of
COUP-TFII protein are primarily responsible for the dif-
ferential binding activity to the R2 element observed
between Ad12- and Ad5-transformed cells (Fig. 1). We
speculate that the faster migrating COUP-TF species,
which fails to bind to the R2 element (Fig. 3), is either an
altered form of COUP-TFII or a protein that cross-reacts
with the COUP-TF polyclonal antisera.
Analysis of the mouse COUP-TFII mRNA decay rate
demonstrated that there is no significant difference in the
stability of COUP-TFII message between Ad5- and Ad12-
transformed cells (data not shown). This suggested that
in Ad12-transformed cells COUP-TFII protein expression
is likely up-regulated at the level of transcription. To
address this, we utilized a CAT reporter construct driven
by the COUP-TFII promoter (11). As seen in Fig. 4, the
transfected COUP-TFII reporter construct was more ac-
tive in Ad12- compared to Ad5-transformed cells. This
indicates that in Ad12-transformed cells COUP-TFII pro-
tein expression is up-regulated at the level of transcrip-
tion, which eventually leads to the strong COUP-TFII
binding activity to the R2 element of the MHC class I
enhancer.
Our previous studies have strongly implied that in
C
pAd12-transformed cells, COUP-TF has the capability of
repressing MHC class I transcription. For example, tran-
scription could be repressed from different reporter con-
structs containing the class I R2 DNA binding element,
but not from constructs containing a mutated R2 element
which fails to bind COUP-TF (10, 15). Also, because it has
been recently shown to associate with HDAC, COUP-TF
was proposed to negatively regulate class I transcription
through chromatin modification (21). In these later exper-
iments, treatment of Ad12-transformed cells with TSA, an
inhibitor of HDACs, caused a slight expression of class I
cell surface antigens and was interpreted as an allevia-
tion of repression of basal class I transcription. Never-
theless, a direct demonstration that COUP-TF can re-
press class I transcription has been difficult, especially
since activator NF-kB fails to bind the class I enhancer in
d12-transformed cells.
To confirm that COUP-TFII has the potential to repress
HC class I nonactivated and activated transcription, we
tilized MEF-7 fibroblasts derived from 13- to 15-day-old
ouse embryos in which both the NF-kB p50 and p52
genes had been knocked out (4). Knockout of the p50
and p52 genes precludes formation of activator NF-kB
50/p65 (or NF-kB p52/p100). The MEF-7 cells were
cotransfected with CMV promoter-driven plasmids capa-
ble of expressing p50 and COUP-TFII, respectively, and
the natural class I promoter-driven reporter plasmid
(pSK-364). The sequences in the natural class I reporter
plasmid include the MHC class I enhancer, which com-
prises the COUP-TFII binding element (R2) and the NF-kB
binding element (R1), upstream of the class I transcrip-
tion initiation start site. As shown in Fig. 5, COUP-TFII
(bar 2) is able to completely repress transcription from
the class I promoter that occurs in the absence of acti-
vator (bar 1). Overexpression of p50, for the purpose of
generating NF-kB (p50/p65), caused a distinct activation
in class I transcription (bar 3). Significantly, when COUP-
TFII and p50 were coexpressed, COUP-TFII was still able
to completely repress class I transcription (bar 4). It is
important to note that in MEF-7 cells, expression of
exogenous p50 and collateral formation of NF-kB that is
apable of binding the R1 enhancer element were con-
irmed by Western blotting and band-shift analysis, re-
pectively (data not shown). These results indicate that
or the class I promoter, COUP-TFII can completely re-
ress nonactivated as well as activated class I transcrip-
ion.
This study clearly demonstrates that COUP-TFII, but
ot its counterpart COUP-TFI, functions directly as a
owerful repressor of MHC class I transcription in Ad12-
ransformed cells. The strong repressive effect of COUP-
FII is consistent with our recent discovery that in Ad12-
ransformed cells, the C-terminal repression domain of
OUP-TF associates with HDAC (21), which functions to
revent transcription by condensing chromatin structure.
c
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16 RAPID COMMUNICATIONThere is also evidence that COUP-TF can repress tran-
scription by interacting with the preinitiation component
TFIIB (7).
It seems prima facie remarkable that two distinct
modes of preventing class I transcription are employed
by Ad12 tumorigenic cells: the impaired DNA binding of
activator NF-kB and the strong binding of repressor
COUP-TFII. Insight into this quandary may be gleaned
from our results with the p50/p52 knockout cells which
FIG. 4. In Ad12-transformed cells COUP-TFII promoter is more activ
onstruct was cotransfected together with 3 mg of pRSV-bgalactosidas
transfection. Transfection efficiency was normalized by measuring th
ctivation relative to the COUP-TFII promoter activity in BrAd5 cells, whicreveal that COUP-TFII is able to repress NF-kB activation
of the class I promoter as effectively as it represses
p
cnonactivated transcription. It may be that survival of Ad12
tumors against CTL lysis depends on their ability to
maintain reduced surface levels of class I antigens fol-
lowing physiological fluctuations in cytokines that could
stimulate newly phosphorylated forms of active NF-kB.
COUP-TFII would fulfill this function. Consistent with this
possibility is our recent demonstration that in Ad12-
transformed cells, specific cytokines do induce an active
phosphorylated form of NF-kB (Hou and Ricciardi, un-
ared to Ad5-transformed cells. 5 mg of the COUP-TFII promoter CAT
ndicated Ad-transformed cells. CAT activities were assayed 48 h after
lactosidase activity of each cell extract. Data are presented as fold
signed the value of 1. Each bar is the average of triplicate transfections.e comp
e into iublished). As predicted from this current study, these
ytokine-induced forms of active NF-kB were able to
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17RAPID COMMUNICATIONstimulate class I transcription only when COUP-TFII re-
pression was prevented either by treatment with an
HDAC inhibitor or by mutation of the R2 site, which
precludes COUP-TFII binding to the class I enhancer
(Hou and Ricciardi, unpublished).
Material and Methods. Cells, antibodies, and plas-
mids. Ad12- (12A1, F10–12) and Ad5- (KAd5, WT5a and
BrAd5) transformed mouse cell lines (3) and MEF-7 fibro-
blasts from 13- to 15-day-old embryos of p50/p52 double-
knockout mice (4) were used. COUP-TF polyclonal anti-
serum was previously described (15). The plasmids used
were pSK-364 MHC class I (6), p1.6CII-CAT, mCOUP-TFI
nd mCOUP-TFII (11, 18, 19), pCMV-p50 (Nancy Rice,
CI), and pCMV-COUP-TFII, constructed by recloning the
FIG. 5. COUP-TFII represses both nonactivated and NF-kB-activated c
ith the MHC class I reporter plasmid pSK-364 (5 mg) and pCMV-COUP
f NF-kB, respectively. pSK-364 contains the CAT reporter gene driven
ection, CAT activity was measured. CAT activities are relative to pSK-
uplicate transfections and are representative of two independent expOUP-TFII coding region into pCB61CMV (M. Atchison,
niversity of Pennsylvania).Oligonucleotides. All single-stranded oligonucleotides
were synthesized by NBI/GENOSYS. Artificial linker se-
quences are in small letters and mutated nucleotides are
underlined.
R2:
tcgAGGCAGTGAGGTCAGGGGTGGG
CCGTCACTCCAGTCCCCACCCagct
R2biot:
AGGCAGTGAGGTCAGGGGTGGGTCGAGGCAGTGAGGTCAGGGGTGGGTCG
TCCGTCACTCCAGTCCCCACCCAGCTCCGTCACTCCAGTCCCCACCCAGC
R2mbiot:
AGGCAGTGAAATCAGGGGTGGGTCGAGGCAGTGAAATCAGGGGTGGGTCG
TCCGTCACTTTAGTCCCCACCCAGCTCCGTCACTTTAGTCCCCACCCAGC
ranscription. p50/p52 double-knockout MEF-7 cells were cotransfected
mg) and pCMV-50 (2 mg), which encode COUP-TFII and the p50 subunit
natural class I promoter and enhancer. Forty-eight hours posttrans-
nsfection, which is assigned a value of 1. Results are the average of
ts.lass I t
-TFII (5
by the
364 tra
erimenNorthern blotting. Total RNA was isolated from Ad12-
transformed cells. For Northern blot analyses, a 70-bp
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18 RAPID COMMUNICATIONSmaI/SmaI fragment of mCOUP-TF II (which contains the
59 untranslated region of mCOUP-TF II) (18), a 180-bp
coRI/SmaI fragment of mCOUP-TF I (which contains the
9 untranslated region of mCOUP-TF I) (19), and a mouse
b-actin cDNA were used as probes and were labeled
using the random-prime DNA labeling kit (Boehringer
Mannheim). Northern blotting results were confirmed by
using the 700-bp ScaI/PstI fragment of mCOUP-TFI
(which contains the most 59 coding region) and the
605-bp MslI/SphI fragment of mCOUP-TF II (which con-
tains the 59 untranslated region) (18).
Band-shift assays and DNA affinity chromatography.
Nuclear extract preparation and band-shift assays were
performed essentially as described previously (15). For
DNA affinity chromatography, polymers of wild-type or
mutant R2 DNA elements were generated by self-primed
PCR. R2 or R2 mutant oligonucleotides containing a 59
biotin label were hybridized with nonbiotinylated comple-
mentary bottom strand and amplified for 30 cycles by
PCR. dsDNA fragments from PCR were coupled to Dyna-
beads M-280 streptavidin (Dynal AS) and incubated with
200 mg of 12A1 nuclear extract. After extensive washes,
NA-bound proteins were eluted by boiling in SDS load-
ng buffer and analyzed by Western blot.
Cell transfection and CAT assays. Mouse adenovirus-
ransformed cells were transfected by the calcium phos-
hate coprecipitation method and CAT assays were per-
ormed essentially as described (6, 15). Transfection of
50/p52 double-knockout MEF-7 cells was performed
ith Stratagene GeneJammer Transfection Reagent.
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